Two issues were investigated concerning the retrieval of recently acquired relevant information for solving riddle problems. First, although earlier research indicated that problem solvers often fail to retrieve relevant information unless they are explicitly informed of its relevance, Bowden (1985) suggested that uninformed subjects would benefit greatly from additional problemsolving time. In two experiments, we found that uninformed subjects solved more problems than did subjects who did not receive the information, but a simple model attributed this difference to these uninformed subjects "catching on" to the information's relevance after solving some problems. Second, the retrieval characteristics were examined by varying the proportion of problems for which clues were given. Informed subjects given clues for only half of the problems benefited (though perhaps not fully) from being informed, without incurring any cost from being misdirected on the unclued problems. The discussion focuses on some ways in which accessing relevant information may affect problem solving.
How people access and use relevant knowledge is a central issue in cognition. As the emphasis in problemsolving research has shifted to the knowledge required to solve problems, increasing attention has been focused on questions about the access and use of such knowledge (e.g., Adams etal., 1988; Centner & Landers, 1985; Gick & Holyoak, 1980 , 1983 Holyoak & Koh, 1987; Lockhart, Lamon, & Gick, 1988; Perfetto, Bransford, & Franks, 1983; Ross, 1984 Ross, , 1987 Ross, , 1989a Ross, , 1989b Stein, Way, Benningfield, & Hedgecough, 1986; Weisberg, DeCamillo, & Phillips, 1978) . A number of these studies have shown that subjects often fail to transfer relevant knowledge spontaneously to a new situation. Although this lack of transfer could be due either to failure to access the relevant information or to failure to use it once accessed, in many cases people fail to access the relevant information (though see Ross, 1987 , 1989a , and Stein et al., 1986 , for difficulties with the use of accessed information). These failures of access occur when the earlier information is analogous to the current problem (e.g., Gick & Holyoak, 1980 , 1983 Reed, Ernst, & Banerji, 1974; Spencer & Weisberg, 1986) as well as when the earlier information is not analogous, but is very relevant to the current problem (e.g., Perfetto et al., 1983) .
It may be useful to make this idea more concrete with an example that is closely related to the current investigation. Perfetto et al. (1983) provided evidence that subThis research was supported by NSF Grant IST-8308670. We thank Doug Media, Ed Shoben, Gordon Logan, and Dedre Centner for discussions about this research. We also thank Robert Weisberg, Edward Bowden, and an anonymous reviewer for their helpful reviews, and Mama Smith for help in conducting and analyzing the experiments. Address correspondence and requests for reprints to Brian H. Ross, Department of Psychology, University of Illinois, 603 E. Daniel, Champaign, IL 61820. jects who are uninformed of the relevance of learned information often fail to access that information spontaneously during problem solving. Their results were surprising in that the earlier information seemed very relevant to the problem-solving task and preceded it by only a few minutes. In those studies, subjects first rated the truthfulness of 14 sentences such as, "A minister marries several people each week.'' A few minutes later, the subjects were asked to solve 15 riddles such as, "A man who lived in a small town in the U.S. married 20 different women of the same town. All are still living and he has never divorced one of them. Yet, he has broken no law. Can you explain?" The subjects in the experiment who were not informed of the relevance of the earlier sentences solved far fewer riddles than did those subjects who were informed. Moreover, these uninformed subjects did not solve reliably more riddles than did subjects who did not see the earlier sentences. Thus, in the Perfetto et al. studies, explicitly informing subjects of the relevance of the earlier sentences was a necessary condition for obtaining transfer.
Information learned in one context must often be spontaneously accessed in another context. Research concerned with the failure to access relevant information has proceeded along two related lines. The first line has tried to identify the factors that might improve access, such as the way in which the relevant information is processed (e.g., Adams et al., 1988; Lockhart et al., 1988) , surface similarity (e.g., Centner & Landers, 1985; Holyoak & Koh, 1987; Ross, 1984 Ross, , 1987 Stein et al., 1986) , context (Spencer & Weisberg, 1986) , and the comparison of instances (Dellarosa, 1985; Gick & Holyoak, 1983) . The second related line of research has probed the nature of the retrieval process in these problem-solving situations. Although this approach overlaps considerably with the 639 Copyright 1989 Psychonomic Society, Inc. first approach, especially in the examination of surface similarities and context, it also considers issues such as interference during the retrieval of relevant information (e.g., Ross, 1984, Experiment 3) and the importance of the relative similarity between the problem and relevant information (Ross, 1987, Experiment 2) . Because manipulating whether subjects are informed of the relevance of the earlier sentences affects access, this paradigm provides an opportunity to explore the retrieval process in more detail without varying the relevant information provided.
Recently, Bowden (1985) proposed that the diffiulty of spontaneously accessing relevant information might not be as great as these other studies suggest. He suggested that the time constraints of some of these studies might have led to underestimating access for the uninformed subjects. Bowden argued that the informed subjects had a very constrained set of information to search, so that they were likely to access the relevant information more quickly than were the uninformed subjects. However, according to Bowden, these uninformed subjects, given more time, should succeed in accessing the relevant information as well. Thus, the difference between these groups was not access versus nonaccess of relevant information, but faster versus slower access of relevant information. Bowden provided evidence for this assertion by showing, with materials and procedure similar to those employed by Perfetto et al. (1983) , that when subjects were given more time to solve the riddles, the Mormed-uninformed difference disappeared. The timing data provided further support for his contention. If the subjects had been stopped very early in their problem solving, the pattern of Perfetto et al. would have been obtained (i.e., uninformed performance would be worse than informed, but would not be reliably better than baseline subjects who did not get the earlier sentences). Bowden's (1985) findings are interesting for two reasons. First, they call into question the conclusion of previous investigators who found that uninformed subjects will not usually access relevant information spontaneously. It is important to realize that these earlier studies did not show that people never spontaneously access relevant information, but that in cases in which it seems as if they will access such information, they often do not. These demonstrations indicate that we may be seriously underestimating the difficulty of accessing relevant information. Bowden's findings suggest that failure to access may not be so fundamental and may be rectified by increasing the time that uninformed subjects have for problem solving. Proponents of the access-difficulty view might object to the generality of Bowden's findings on the grounds that his clues were blatant (even more so than those of Perfetto et al., 1983) and had been seen very recently. In addition, people do not spend unlimited time trying to solve problems, so even if the problem-solving difference is largely due to the time to access the relevant information, there may be important consequences in many problem-solving situations.
A second interesting aspect of Bowden's (1985) paper is the proposal that the explicit cluing of the earlier sentences served to direct the search of the informed subjects. The search space of uninformed subjects was not restricted, so these subjects should have taken longer to find the relevant information. Unlike many accounts, this proposal explains why providing additional time allowed the performance of the uninformed subjects to equal (or almost equal) the performance of the informed subjects. Bowden noted that this result would also be expected if uninformed subjects simply "caught on" to the relevance of the earlier sentences, but he provided some evidence (to be discussed after Experiment 1) against this alternative account. Note, however, that if the uninformed subjects were not catching on, it is puzzling that the informed and the uninformed subjects performed equally well when only the former group realized that the earlier sentences were relevant. This point will be dealt with in more detail before Experiment 2. Much of the other research on the access of relevant information has been concerned with the conditions and manipulations affecting transfer, not with examining the retrieval process and its properties (though see Weisberg et al., 1978) . These retrieval properties will be addressed again before Experiment 3.
EXPERIMENT 1
Experiment 1 initiated our study of the retrieval properties of accessing relevant information by replicating the conditions of Bowden's (1985) study.
Method
Design. Two groups of subjects rated sentences (which included clues to the 10 critical riddles) for truthfulness. Following a short intervening task, the subjects attempted to solve 13 riddles (3 "buffers" and 10 "critical"), with a time limit of 2 min per riddle. One group of subject was informed of the relevance of the earlier sentences and the other group was uninformed. A third group of baseline subjects simply solved the riddles without having seen the relevant sentences. The dependent measure of interest is the proportion of congruent solutions (i.e., solutions suggested by the sentences) to the 10 critical riddles. This measure was obtained every 20 sec for 2 rain.
Materials. The riddles were the 10 used by Bowden (1985) and listed in the Appendix of his article (these riddles were originally taken from Gardner, 1978) . The 10 sentences that clued the riddles were also the ones used by Bowden. Three additional riddles were taken from Rosenbloom (1976) to be the first three buffer riddles presented, as in Bowden's (1985) study. Five additional sentences were constructed as fillers for the sentence-rating task.
The sentence-rating materials were five pages with three sentences on each page. The riddles were typed one to a page. The booklet of riddles contained the 3 filler riddles, followed by the 10 critical riddles in exactly the same order as in Bowden's (1985) study to provide as close a replication as possible.
1 The front sheets of both the sentence-rating and the riddle booklets asked for the date and the subject's name.
Procedure. The subjects were tested in groups of 6 to 12, using Bowden's (1985) procedure. The subjects in the informed and the uninformed groups first rated the truthfulness of the 15 sentences on a 5-point scale. They were allowed 20 sec to rate each sentence. Following this task, they spent 5 min on an unrelated (letter-series completion) task.
The subjects in all groups were then given the riddle booklets. They spent 2 min on each riddle and were not allowed to go on to the next riddle until the 2 min had elapsed. The subjects were instructed to write any solution they thought was correct. As in Bowden's (198S) study, to estimate the time when each solution was written, the subjects were asked to draw a line across the page below all of their solutions every 20 sec, which was signaled by the experimenter. They were told to write all answers below the last line they had drawn. The informed group was then told that some of the sentences they had rated earlier might be useful in solving these riddles.
A brief questionnaire was filled out following the riddle task. The subjects were asked if they had seen any of the riddles before the experiment. In addition, the uninformed subjects were asked if they had noticed the relationship between the sentences and the riddles and, if so, on which riddle this relationship was first noticed.
Subjects. The subjects were 120 University of Dlinois undergraduates who participated as part of a course requirement, 40 subjects in each group. 2 The data from 4 additional subjects (2 from the uninformed group and 1 each from the other groups) who had prior knowledge of more than two of the critical riddles were not used.
Results and Discussion
The purpose of this experiment was to replicate Bowden's (1985) results. The 10 critical riddles were scored for congruent solutions and the time interval at which the congruent solution occurred was recorded. Figure 1 presents these data for the three groups in cumulative curves over the six 20-sec intervals. A significance level of .05 is used throughout.
The first analysis was conducted on the proportions of congruent solutions at the end of the 2-min interval. These proportions were .798 (SD = .13), .645 (SD = . 19), and .518 (SD = .23) for the informed, uninformed, and baseline groups, respectively [F(2,117) = 21.66, MS e = .037]. Contrary to the results of Bowden (1985) , but consistent with Perfetto et al. 's (1983) findings, the informed group solved reliably more riddles than did the uninformed group f?(78) = 4.11].
3 However, consistent with Bowden's finding and contrary to that of Perfetto et al., the uninformed group's performance exceeded that of the baseline group [r(78) = 2.66]. Note-n = 40/group; Percentage = percent of congment solutions; Time = mean solution-time interval, where Interval 1 is 0-20 sec. Interval 2 is 21 -40 sec, up to Interval 6 for riddles solved in 101 -120 sec. Riddles that were not solved are not included in the time calculations, although their effect is discussed in the text.
The cumulative curves of Figure 1 are also inconsistent with the timing data of Bowden (1985) . He found that, initially, the performance of the uninformed group was similar to that of the baseline group, but that, by the end of the 2-min period, the performance of the uninformed group was similar to that of the informed group. In the present study, the curves are nearly parallel, but that of the baseline group increases slightly faster than those of the other two groups after the first two intervals. The informed group produced more congruent solutions at every interval than did the uninformed group [/s(78) > 3,22], and this advantage did not decrease with time. The uninformed group had a higher proportion of congruent solutions than did the baseline group at every interval [/s(78) > 2.66], but the differences did not increase with time. 4 Thus, although the timing data of Bowden's study were not replicated, there was an uninformed-baseline difference. The exact proportions correct for each interval are provided in Appendix A.
Following Bowden (1985) , we further examined the group differences. Table 1 shows the proportion of congruent solutions and mean solution times for each riddle. Mean solution times for solved riddles were calculated by assigning numbers to the intervals (i.e., 1 for first 20 sec, 2 for next 20 sec, etc., up to 6 for solution in last 20 sec).
5 As can be seen, the informed group produced more congruent solutions than did the uninformed group on 9 of the 10 riddles, and the uninformed group performed better than the baseline group on 8 of 9 riddles with one tie. The informed group times were faster than those of the uninformed group on only 6 of 10 riddles, whereas the uninformed group times were faster than those of the baseline group on 8 of 10 riddles (if a 7 is assigned for nonsolutions, these solution-time differences are 9 of 10 and 8 of 10, respectively). The riddle by riddle analysis was generally consistent with the overall analyses, with the informed group showing the highest per-
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as goodness-of-fit indexes, and both indicated that the model did a good job of predicting the data [x*(6) = 6.83, p > .3; r 2 = .988]. Finally, in line with our suggestion that Bowden's (1985) subjects may have caught on because the first three riddles were fairly easy, 24 of the 28 subjects in our experiment who reported catching on at a critical riddle identified one of the first three. Fifteen of these subjects said they had caught on at the very first critical riddle. Taken together, these results cast doubt on the possibility that the uninformed-baseline difference is due to the subjects' accessing the clue sentences without becoming aware of their relevance. Despite this evidence for catching on, the breakdown by riddle halves as done by Bowden shows no greater change for the uninformed group relative to the other groups (see Appendix B for details).
EXPERIMENT 2
Experiment 2 was performed to provide a second attempt to replicate Bowden's (1985) results and to test the mixture model's explanation of performance for the uninformed group of subjects. As noted earlier, it seemed that the first three riddles might be particularly effective in getting uninformed subjects to notice the relevance of the earlier sentences. If so, then moving these riddles to the end of the list should lead subjects to catch on later and therefore should reduce the uninformed-baseline difference. Because the uninformed group's performance was still expected to be a mixture of the informed and the baseline groups' performance (though with more weight on the latter than in Experiment 1), it was not possible to predict that the uninformed-baseline difference would disappear.
Method
Design, Materials, and Procedure. The design, materials, and procedure were exactly as in Experiment 1, except that the first three critical riddles were moved to the last three positions. Subjects. The subjects were 123 University of Illinois undergraduates who participated as part of a course requirement and were tested in groups of 5 to 12. There were 41 subjects in each of the three conditions.
Results and Discussion
The scoring and analyses were as in Experiment 1. The cumulative curves and riddle data are presented in Figure 2 and Table 2 . Again, there was a strong advantage for the informed group over the uninformed group, and some advantage for the uninformed group over the baseline group. The cumulative curves in Figure 2 show that the differences existed throughout (for 20 sec to 100 sec, all pairwise fs > 2.10); there was no evidence of a change over time. The riddle data in Table 2 show that the informeduninformed difference held for all 10 of the riddles in the proportion-correct data, but for only 7 of 9 (with 1 tie) in the solution-time data. The uninformed group's performance was better than the baseline group's on 7 of 10 riddles, and their solution times were faster on 9 of 10 riddles. (If nonsolutions are included in a seventh interval, the solution times show 10 of 10 and 8 of 10 advantages, respectively.)
The questionnaires indicated that 30 of the 41 subjects in the uninformed group had caught on to the sentences being riddle clues. However, unlike in the earlier experiment, the riddle at which they caught on was scattered throughout the list (2, 3, 3, 5, 2, 3, 0, 4, 3, 3 for riddles in Positions 1 through 10, respectively, with 2 subjects indicating one of the buffer riddles for which there were no clues) and 10 of 30 claimed to have caught on during the last three riddles (which had been the first three riddles in Experiment 1). The mixture model does an excellent job of fitting these data [x 2 (6) = 3.34, p > .7; r 1 -.995. (See Appendix A for details.) The prediction for the final interval (.571) was only .007 less than the observed .578. Across intervals, the predicted values were slightly less than the observed values; the differences ranged from .002 to .022, with a mean of less than .010. Again, the analysis by riddle halves was not sensitive to catching on (see Appendix B). One .final analysis was conducted to test the idea that the uninformed subjects' reports of catching on reflected a change in their responses.
9 Using their reports, we examined their solution times (with a 7 assigned for nonsolutions) for riddles before they claimed to have caught on and for riddles after they claimed to have caught on. (Only the subjects who claimed to have caught on were included, and the riddles at which they caught on were not included in either group.) By our analysis of the situation, we would expect the mean time to solution to be longer for the riddles solved before catching on than for the riddles solved after catching on (because the baseline mean solution time was longer than the informed mean solution time). The corresponding means were 4.79 (SD = 2.68) and 2.64 (SD = 2.40), for ns of 126 and 146, respectively. No analyses were conducted because of the varied weighting that the subjects contributed to each mean, but it is clear that the means are in the direction predicted. (It should be noted that because the easier riddles were toward the end in Experiment 2, the "after" group may have done better simply because they contained more of the easier riddles. However, even after these means are corrected by using the baseline group's means, the difference is over .77.) This analysis, then, provides additional support for the idea that the subjects were catching on in the uninformed group and that their reports were reasonable estimates of when they caught on. (This analysis could not be conducted for Experiment 1 because so many subjects caught on during the first few riddles that there were not many observations before catching on.) Note that a number of findings are consistent with the idea that the first three riddles in Experiment 1 were particularly effective in informing the uninformed subjects about the relevance of the earlier sentences. First, the riddle at which subjects claimed to have caught on changed considerably between Experiments 1 and 2, with subjects in the latter study identifying later riddles. Because of this, the weights for the mixture model shifted heavily toward baseline, with weights of .428 and .644 for the baseline in Experiments 1 and 2, respectively. Second, the difference between the uninformed and the baseline groups decreased from . 127 in Experiment 1 to .097 in Experiment 2, whereas the informed-uninformed difference remained constant (.153 and .156) . Although the former decrease is net reliable given the variability, it does represent a considerable portion of the difference. Third, for the first seven riddles, the baseline group performed only .063 worse than the uninformed group; that is, the uninformed-baseline difference was largely due to two of the last three riddles (riddles in Positions 8 and 9, with the riddle in Position 10 leading to near ceiling performance in both groups), which were the first three riddles in Experiment 1.
Taken together, the results of Experiments 1 and 2 cast doubt on the idea that uninformed subjects produce as many congruent solutions as do informed subjects, but do so more slowly. First, the informed subjects showed a reliable advantage over the uninformed subjects in both experiments. Second, the jnterval-timing data showed no shift of uninformed group performance from baseline to informed performance over time. Third, although the uninformed group performed better than the baseline group, a simple mixture model based on the subjects' reports provides close fits to the results and suggests an explanation in which the uninformed subjects caught on to the relevance of the earlier sentences. This last finding provides further support for earlier studies (e.g., Perfetto et al., 1983; Weisberg et al., 1978) that indicated the difficulty subjects had with spontaneously accessing relevant information. If we are to learn what conditions promote access (e.g., Adams et al., 1988; Lockhart et al., 1988) , it is also important to understand the conditions under which spontaneous access does not occur.
Before proceeding to the final experiment, it is worth noting again that each of these first two studies used only one order of riddles. Although randomizing the riddle order would increase the generality of the results, these studies were initially conducted to replicate and explain the findings of Bowden (1985) , which contradicted much earlier research. Therefore, we decided it was more important to replicate his procedure as closely as possible than it was to randomize the riddle order.
EXPERIMENT 3
Research on the noticing of relevant information for problem solving can be viewed from a memory perspective as well as from a problem-solving one. Researchers examining the noticing of analogous information have suggested means of incorporating noticing into standard memory processes (e.g., Anderson & Thompson, 1989; Holyoak & Thagard, 1989) . Some researchers investigating the retrieval of relevant, but not analogous, information have also made preliminary suggestions concerning retrieval. Weisberg and Alba (1981), for example, have proposed that a problem acts as a cue for relevant information. As mentioned earlier, Bowden (1985) has outlined a problem space-search view in which information about relevance serves to focus the search. Perfetto et al. (1983) noted that subjects in their informed groups often claimed that the answers to the riddles "popped into" their head without any conscious attempt at searching the earlier sentences.
The original intention of our foray into this research was to examine memory retrieval in uninformed subjects. However, the experiments reported so far suggest that in this paradigm, uninformed retrieval of earlier sentences may be rare unless subjects catch on to their relevance. Thus, it appears that to avoid dealing with some unknown mixture of informed and uninformed cases, retrieval issues need to be studied with informed subjects (as they are with most memory paradigms). As the work on analogies has begun to provide us with an understanding of how abstract structures may affect the access and use of earlier examples, an examination of the relevant, but not analogous, information may provide us with some understanding of how knowledge of the information's relevance may affect its retrieval. A number of manipulations such as the number of sentences read (similar to the fanning effects for interference), the usefulness of the clues, and the blatancy of the relevance of the clues could yield interesting results. However, a particularly interesting, but rarely examined, situation is one in which the problem solver has probabilistic information about the relevance of the earlier sentences. That is, we may often be aware that some knowledge we have is possibly, but not definitely, relevant. How does this knowledge about relevance affect the likelihood (and timing) of solving the problem? The following experiment was motivated by this question. To understand the logic, it is easiest to think of the question as having two parts.
First, if the clued earlier knowledge is relevant to the problem, how do probabilistically clued subjects perform relative to informed subjects? Assuming that performance on the clued riddles is higher than performance on the unclued riddles (which it will be), then these partially clued subjects might perform as well (full benefit) or not as well (some benefit) as the informed subjects. Second, when the clued knowledge is not relevant to the problem, how do these "misdirected" subjects perform relative to the baseline subjects? Is there a cost to this misdirection (performance worse than baseline) or not (performance equal to baseline)? These benefits (some or full) and costs (some or none) could occur in any combination. Their implications for the memory-retrieval processes will be more fully discussed after the results have been presented. For now, let us note that the findings can serve to constrain explanations of the retrieval. For example, if the misdirected subjects showed no cost, a process in which they always searched the possibly relevant set first would have difficulties in accounting for the results. In addition, the combination of costs and benefits can be diagnostic. For instance, the suggestion that the clues "pop out" might indicate full benefit, with little if any cost, whereas Bowden's (1985) suggestion of directed search might predict a tradeoff (i.e., if subjects get full benefit, then they are using the relevance fully, so they should incur some cost; if subjects show no cost, then they are not using the relevance, so they should gain little if any benefit).
Method
Design. The experiment included three groups of subjects. The baseline and informed groups were as in the other experiments. An additional group was also informed of the relationship between the sentence-rating and the riddle tasks, but only half of the 10 critical riddles had clues in the sentence-rating task. Thus, this group had half of the critical riddles clued and half unclued. This group will be referred to as the misdirected group (though this name is really only true for the unclued riddles). For each group, two different orders of riddles were used. For the misdirected group, crossed with this order manipulation, half of the subject were given clues to one half of the riddles, and the other half of the subjects were given clues to the other half of the riddles.
Materials. The 13 riddles from the first two experiments were used but, because the three critical riddles that were first in Bowden's (1985) study and in Experiment 1 led to such high proportions correct, they were exchanged with the buffer riddles. These new critical riddles are given in Appendix C, along with their clues. The 13 riddles were put in a booklet, with one riddle per page. Following the three new buffer riddles, the 10 critical riddles were arranged in one of two orders.
The sentence-rating booklets were made as in the other experiments, but the clues for the new critical riddles were added. For the misdirected group, two different booklets were constructed, each with clues to only half of the critical riddles. The clues for the new buffer riddles were included in all booklets. The remaining 7 of the IS sentences were generated with the same form as the critical and buffer clues.
Procedure. The procedure was exactly as in the other studies, with the misdirected group treated as an informed group (except for the sentence-rating booklets used). As in the other studies, the subjects in the informed group were told that the earlier sentences would be helpful in solving some of the riddles.
Subjects. The subjects were 104 University of Illinois students who participated as part of a course requirement. They were tested in groups of 9 to 17. There were 26 subjects in the informed and baseline groups (13 with each riddle order) and 52 subjects in the misdirected group (13 in each combination of riddle order x riddle half clued). 
Results and Discussion
The 10 critical riddles were scored for congruent solutions as in the other experiments, and the time intervals of these solutions were recorded. The comparisons of interest are performance by the informed group relative to the clued riddles in the misdirected group and performance by the baseline group relative to the unclued riddles in the misdirected group. To simplify the analyses, the data from 2 subjects in the misdirected group (with the same riddle order but different halves of riddles clued) were combined to form a misdirected-clued subject (with 10 clued riddles) and a misdirected-unclued subject (with 10 unclued riddles). In the ANOVAs, riddle order was used as a variable, but the effects and interactions with this variable were not reliable.
The results are easy to summarize. Subjects in the misdirected-clued condition did marginally less well than the informed group, showing some, but perhaps not full, benefit of the information. Subjects in the misdirectedunclued condition performed as well as the baseline group, showing no cost of the information. Finally, the misdirected group made good use of their clues, with performance .339 higher for the clued riddles than for the unclued riddles. (This last finding is important only for verifying that the clues were used.)
For the clued riddles, the proportions of congruent solutions were .831 and .758 for the informed and misdirected-clued groups, respectively [F(l,48) = 2.55, MS C = .027, p < .15]. As can be seen in Figure 3 , this difference held about equally at all the time intervals, but was never reliable [all Fs(l, 48) Table 3 , the informed group performed slightly but consistently better than the misdirected-clued group (higher proportions on 8 of 9 riddles and faster on 8 of 10). One possibility is that this difference is related to the order of the riddles (i.e., perhaps the effect occurs for the first riddle only or for the last few riddles only). In a number of analyses, the effects of position were examined, but there was no consistent trend with riddle position.
For the unclued riddles, the proportions of congruent solutions were .419 and .357 for the misdirected-unclued and baseline groups, respectively f/^1,48) = 1.10, M5 e = Note-n -26/group; Riddles 4-10 are same as in the other experiments. Riddles 1-3 were buffer riddles in the previous experiments. The actual orders of riddles were (4, 5, 6, 7, 8, 2, 1, 3, 9, 10) and (5, 4, 7, 6, 1, 9, 8, 10, 2, 3) ; Percentage = percent of congruent solutions; Time = mean solution-time interval, where Interval 1 is 0-20 sec, Interval 2 is 21-40 sec, up to Interval 6 for riddles solved in 101-120 sec. A score of 7 was assigned for riddles for which no congruent solution was given. Because the hypothesis concerns overall time differences, it is appropriate to include nonsolutions. The time for just-solved riddles, as in the other tables, may be easily calculated, because the proportion of nonsolutions is 1 minus the proportion correct.
.045]. Figure 3 shows that the difference was very small at the early intervals and grew only a little for the later intervals. None of these differences was reliable [all Fs(l,48) < 1.90], except for the fourth interval, which was marginally reliable [F(l,48) = 2.79]. The riddle data in Table 3 show that there was little difference in proportions (5 of 8 higher in misdirected-unclued). The mean solution intervals were very slightly faster in the misdirected-unclued condition (5.02 vs. 5.36 and faster on 7 of 10 riddles), but the differences were not reliable [F(l,48) = 1.52, MS e = 1.05]. Riddle position again showed no differences.
In summary, this preliminary investigation of the retrieval process indicates some (though probably not full) benefit and no cost of the misdirected group being informed for only some of the riddles. Though the benefits (comparisons to informed subjects) were equivocal, the slight superiority of the misdirected-unclued subjects over the baseline subjects makes it unlikely that there was a cost for the unclued riddles.
Although the properties of memory retrieval in these tasks require further study, it is worthwhile to briefly consider the implications of these findings. The fact that being told that die earlier sentences might be relevant produces no cost for the unclued riddles is inconsistent with any view that claims that the search focuses first on these sentences or with any view that claims that the inclusion of the sentences might reduce the speed or effectiveness of the other search.
Analysis of the benefits constrains these explanations, however, for the misdirected-clued subjects did not perform quite as well as the informed subjects. Further research is needed to assess whether this marginal difference replicates, but we can briefly consider the implications of either finding. If the difference does not replicate and full benefit is found, the misdirected subjects get the best of both situations. Such a finding would suggest dial neither means of problem solving interferes with die other. This result would be consistent with most models positing independent parallel searches, and might result in the pop-out phenomenology noted by Perfetto et al. (1983) . If the difference between die informed and misdirected-clued groups occurs in later experiments as well, the picture would be more complicated. The fact that there is only some benefit would also be inconsistent with me simple view that the clue sentences are searched first. (It is not inconsistent with the idea that this search is first only some of the time, but dien one would still expect some cost.) Although the no-cost result appears to call for a process that is not interfered with when the potentially relevant information is not useful, a result of only some benefit would mean that when the information is relevant, it is not retrieved exactly as in the informed condition. We suppose that a number of explanations diat would meet this interaction could be devised (e.g., if the answer does not come immediately, informed subjects might have a higher probability of persisting because of their stronger belief in the relevance of the earlier sentences), but further research would be needed to determine the correct explanation. The important point is that finding some or full benefit in conjunction widi no cost would place strong constraints on retrieval.
GENERAL DISCUSSION
In this section, we summarize die main findings and discuss the implications of two of the new findings. In Experiment 1, although Bowden's (1985) findings of informed-uninformed equivalence and changes with time were not replicated, differences between the uninformed and the baseline groups' performance were found. However, a simple mixture model and the protocols of some pilot subjects suggested that the uninformed subjects might have been catching on to the relevance of the sentences by noticing the similarity between their early answers and the sentences. The results of Experiment 2 showed that when the early riddles were moved to the end, die informed-uninformed difference remained, the uninformed-baseline difference was slightly reduced, and die mixture model again closely predicted performance in the uninformed condition. Thus, these two experiments provide further support for the difficulty of spontaneously noticing relevant information (without catching on) during problem solving in Uiis paradigm, and cast doubt on the idea that the only difference between die performance of uninformed and informed subjects is time. This result is important because a belief in die time explanation would lead to very different research than a belief in a more qualitative difference between the uninformed and the informed subjects. Experiment 3 was a preliminary investigation of the retrieval properties in diis paradigm. The group that had only some of their riddles clued performed marginally worse tiian the informed group on the clued riddles, but equivalently to the baseline group on the unclued riddles. Thus, diere was some (and perhaps, full) benefit of die clue, but no cost when the earlier sentences were not appropriate.
The finding that cluing resulted in no cost places some constraints on retrieval explanations. As mentioned earlier, die data are inconsistent widi simple search models in which the potentially relevant information is searched first. However, the findings are still consistent with a host of other models in which the knowledge of relevance does not interfere with solutions from default problem-solving activities. Further constraints can come from the benefit analysis (informed vs. misdirected-clued), but unfortunately, the results were equivocal. Although further research is needed to establish the exact pattern of cost and benefit, we hope that this preliminary experiment has made-clear the usefulness of such research.
The other new finding (which is also mentioned for different purposes in Lockhart et al., 1988) is diat subjects may have caught on to the relevance of the earlier sentences diey rated by noticing the similarity between an answer to one of die riddles and one of tiiese sentences. In these experimental studies, one might consider such an occurrence annoying, since it interferes with the analysis of interest (e.g., such an occurrence would have no effect if we collected only one observation per subject). In addition, one might argue that the paradigm has a very unusual structure in that the subject sees two sets of information (sentences and riddles) that are unrelated within each set, but are related across sets. However, we argue here that this new finding has important implications for the issues under examination and for some of the situations that these experimental studies are meant to capture.
As reviewed earlier, many studies have shown that people fail to access relevant information when problem solving. Much of what we learn appears to be stored with respect to the context in which it is learned, and its access in a different context is difficult (e.g., Gick & Holyoak, 1980 , 1983 Lockhartet al., 1988; Ross, 1989b; Spencer & Weisberg, 1986) . What allows people to think back to previously learned relevant information? Over the last 10 years, a number of researchers have examined how problem solvers are reminded of earlier examples or other relevant information when solving problems. In the work on analogous problems, the consensus is that remindings are affected both by structural similarities between the problems (i.e., those aspects that are relevant to the problems' solutions) and by superficial similarities between the problems (e.g., Holyoak & Koh, 1987; Ross, 1987) . In a similar vein, the recent work on accessing nonanalogous information has shown that access will increase if subjects can be cued to encode (and focus on) the relevant aspects (Stein et al., 1986) or if subjects process the information in a way that is similar to the way they will need to process it at the time the riddle is presented (e.g., Adams et al., 1988; Lockhart etal., 1988) . Centner and Landers (1985) and Stein et al. (1986) also showed that superficial similarities can affect access. For present purposes, the important point about this work on accessing analogous or other relevant information is that it has focused on situations in which the information accessed is a particular episode or instance (such as an earlier problem or a particular sentence read earlier).
In the present experiments, it appears that subjects may have caught on to the relevance of the earlier clues by noticing the similarity between an answer and the earlier sentence (presumably by some combination of structural and superficial similarity). Although this finding in some sense is specific to the paradigm, it brings up two interesting aspects of reminding that have not received much attention. First, remindings may serve not only to suggest a particular earlier episode as relevant, but also to suggest that the knowledge within the reminded domain may be relevant. That is, even if the exact information that one is reminded of does not prove useful, sometimes other knowledge from the reminded domain may be useful. Second, although noticing the similarity of a correct answer to other relevant information is not very helpful for solving the problem (because the answer provides the solution already), it may prove helpful in later problem solving. If there are other problems, or other times of related problem solving, the earlier postsolution noticing of relevance of that other information could be quite helpful.
An example may help to make these points clearer. Imagine that one late spring, a few months after buying your first home (so that your knowledge of house repair is not great), you went in the basement and found some wetness where the walls meet the floor. You might think about drainage problems associated with spring rains or possible plumbing problems. Now consider two scenarios, related to the two extended implications mentioned in the previous paragraph. First, suppose, perhaps after researching drainage and plumbing possibilities, you noticed that your glasses got misty if you stayed in the basement for a while. This fact might make you think about other times when your glasses have gotten misty, evoking some knowledge about condensation. If you were alert, you might realize that this knowledge about condensation could also be relevant to the basement wetness. Once you realized that this knowledge might be relevant, you could bring to bear your knowledge about heat and dampness to suggest the possibility that a dehumidifier might solve the wetness problem. Although the reminding did not lead to the answer immediately, it suggested the relevance of some domain of knowledge which could be used to arrive at a solution.
For the second scenario, suppose that some more experienced homeowner suggested this possibility to you, and you found that the dehumidifier did solve the problem. (Or, to make it closer to the present finding, suppose you saw a dehumidifier solving the problem in someone else's house and realized why and what knowledge was relevant.) If you have a wetness problem elsewhere in the house, it seems likely that you would consider whether the knowledge relevant to the basement problem would be relevant to this other problem. In addition, if you had a wetness problem in the future, it seems likely that knowledge about water condensation would be more likely to be considered than if you had not noticed its relevance to this basement experience.
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Returning to the present studies, the answers to these riddles were quite similar (in both meaning and wording) to the sentences rated earlier, and having solved one riddle might well remind one of an earlier sentence. Although the subjects' catching on to the relevance of the sentences contaminated the intended experimental manipulation, it has led us to consider that (1) remindings that do not lead immediately to a solution may still serve to suggest the relevance of domains, not just instances, for the solution and (2) postsolution remindings may affect subsequent problem solving. These possibilities will require further investigation, but they appear to be plausible and littlestudied uses of remindings. The noticing of similarity between some knowledge and some problem-solving product Clue: If there are two coins and one is not a dime, the other Note-These riddles were used as buffers in Experiments 1 and one is.
2, but were exchanged with Bowden's first three riddles for the 3. Two fathers and two sons went duck hunting. Each shot final study, a different duck, but they shot only three ducks in all. How is that possible?
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